tive inhibin in the peripheral plasma and bioactive inhibin in ovarian venous plasma were always low on days 3 and 5 of lactation in dams nursing eight pups, whereas values were always high on days 17 and 20 of lactation in dams nursing eight pups and on day 5 of lactation in dams nursing two pups. There was an FSH surge within 48 h after removal of litters on days 3 and 5 of lactation in dams nursing eight pups, whereas plasma concentrations of FSH were unchanged within 48 h by removal of litters on days 17 and 20 of lactation in dams nursing eight pups and on day 5 of lactation in dams nursing two pups. Plasma LH concentrations increased significantly compared with those of control animals within 24 h after removal of the litter on any day of lactation, regardless of the litter size.
Plasma FSH levels increased within 6 h after bilateral or unilateral ovariectomy in lactating rats only on the days when plasma concentrations of inhibin were high before ovariectomy, such as day 17 of lactation in dams nursing eight pups and on day 5 of lactation in dams nursing two pups, whereas the mean concentrations of plasma LH showed no significant increase within 12 h after bilateral ovariectomy in these lactating rats. Treatment with progesterone or oestradiol-17\g=b\ after unilateral ovariectomy did not inhibit the increase in plasma FSH levels, while the increase in plasma concentrations of FSH after surgery was completely inhibited by injecting inhibin (porcine follicular fluid). Treatment with steroid hormones inhibited the basal levels of LH in unilateral ovariectomized lactating rats. Plasma FSH concentrations increased sharply within 6 h after a single i.v. injection of anti-inhibin serum on days 10, 15 and 20 of lactation in dams nursing eight pups and on day 5 of lactation in dams nursing two pups, whereas only a small but significant increase in concentrations of INTRODUCTION Throughout lactation in rats, plasma levels of folliclestimulating hormone (FSH) remain within the range normally found during the dioestrous phase of the oestrous cycle, regardless of litter size, although levels of luteinizing hormone (LH) in plasma are consis¬ tently lower in dams nursing eight pups than in dams nursing two pups (Taya & Sasamoto, 1981a; Taya & Greenwald, 1982a,6) . All antral follicles larger than 401 pm in diameter degenerate during the first half of lactation and do not reappear until the second half of lactation in rats nursing eight pups. Healthy follicles of this size, however, are always present in mothers nursing two pups (Taya & Sasamoto, 1981a; Taya & Greenwald, 1982a) . These changes in follicular degeneration corresponded with a decrease in concen¬ trations of plasma LH in the first half of lactation, and follicular development was noted with an increase in basal levels of plasma LH in the second half of lactation (Taya & Sasamoto, 1988a,¿>) . Corpora lutea formed after post-partum ovulation secrete a large amount of progesterone under the influence of prolactin released as a result of suckling. Despite continued suckling, plasma concentrations of pro¬ lactin and progesterone decline gradually and a slight increase in plasma concentrations of oestradiol-17ß occurs during the second half of lactation (Taya & Greenwald, 19820,6; Taya, Komura, Watanabe & Sasamoto, 1989) . Concentrations of bioactive (Taya, Kimura 8c Sasamoto, 1984) and immunoreactive The concentrations of progesterone and oestradiol-17ß in peripheral plasma and oestradiol-17ß in ovarian venous plasma were determined by double-antibody radioimmunoassay systems using I-labelled radioligands as described previously (Taya, Watanabe & Sasamoto, 1985) . Antisera against progesterone (GDN 337; Gibori, Antczak & Rothchild, 1977) and oestradiol-17ß (GDN 244; Korenman, Stevens, Carpenter et al. 1974) were provided by Dr G D. Niswender. The intra-and interassay coefficients of variation were 2-6 and 120% for progesterone, and 5-8 and 11-4% for oestradiol-17ß respectively.
Concentrations of immunoreactive inhibin in peri¬ pheral plasma were measured by radioimmunoassay as described previously (Hamada, Watanabe, Kokuho et al. 1989) . Pooled bovine follicular fluid (bFF) was used as a reference standard after removal of steroids by treatment with charcoal. Four doses (6-25, 12-5, 25-0 and 50-0 (Taya & Sasamoto, 19886 Concentrations of progesterone, testosterone and oestradiol-17ß in porcine serum after treatment were less than 0-16 nmol/1, 10-8 pmol/1 and 1-8 pmol/1 respectively. Porcine serum showed no inhibin-like activity in the in-vitro bioassay system. The bio¬ logical activity of pFF was examined in vitro using the rat anterior pituitary cell culture system (Taya & Sasamoto, 19886) Time after operation (h) figure 4 . Effect of replacement of progesterone, oestradiol-17ß, a combination of progesterone and oestradiol-17ß and inhibin (porcine follicular fluid; 0-5 ml/i.p. injection given four times at 6-h intervals/rat) on plasma levels of (a-d) FSH, (e-h) LH, (/-/) progesterone and (m-p) oestradiol-17ß after unilateral ovariectomy (·; ) at 11.00 h on day 17 of lactation in rats nursing eight pups. (pmol/1) 51-0+18-4· 38-9 + 9-2" 190-9 ±32-3" 161-2±29-4b
•489 0-992-3-391 261-0+ 59-5"
Values with different superscript letters are significantly (P < 005) different (Duncan's multiple range test).
Concentrations of immunoreactive inhibin and oestradiol-17ß in peripheral plasma at various stages of lactation (Table 2 ) Single blood samples (2 ml) were collected from five rats per group at 11.00 h on days 3, 5, 17 and 20 of lactation in rats nursing eight pups and on day 5 of lactation in rats nursing two pups. Plasma concentrations of oestradiol-17ß were lower on days 3 and 5 of lactation in rats nursing eight pups than those on day 5 of lactation in rats nursing two pups, but the value in dams nursing eight pups increased gradually until term.
DISCUSSION
The present study demonstrates that the relative contributions of the suckling stimulus, ovarian steroids and inhibin on suppression of FSH and LH secretion change during lactation in rats.
After removal of the litter on days 3 and 5 of lactation in rats nursing eight pups, a small surge of FSH was observed within 48 h as reported previously (Taya & Sasamoto, 1980 , 1987 . On the other hand, removal of the litter on days 17 and 20 of lactation in rats nursing eight pups and on day 5 of lactation in rats nursing two pups resulted in no significant rise in concentrations of FSH in the plasma (Fig. 2) . These results indicate that the suckling stimulus can effec¬ tively inhibit FSH secretion in the early stages of lactation in rats nursing eight pups, whereas the suckling stimulus became less effective on the suppression of FSH secretion in the late stages of lactation in rats nursing eight pups and throughout lactation in rats nursing two pups. Our findings that concentrations of FSH in ovariectomized lactating rats nursing eight pups increased from day 10 onward (Fig. 1) , despite continued suckling, agree with pre¬ vious reports (Ford & Melampy, 1973; Smith & Neill, 1977) . These results further support the concept that the suckling stimulus is effective in the suppression of FSH secretion during the first half of lactation but not during the second half of lactation in rats nursing eight pups. On the other hand, the suckling stimulus by a litter of two pups is not effective in suppressing FSH secretion even in the early stages of lactation.
During the second half of lactation, concentrations of FSH in the plasma increased within 6 h after acute removal of the ovaries whereas no change was noted when the ovaries were removed during the first half of lactation in rats nursing eight pups (Fig. 3) (Butcher, 1977) , but must be attributed to loss of ovarian inhibin (Welschen, Dullaart & de Jong, 1978;  DePaolo, Anderson & Hirshfield, 1981; Otani & Sasamoto, 1982) . In the present study, when an increase in plasma concentrations of FSH was seen within 12 h after unilateral ovariectomy in the second half of lactation in rats nursing eight pups and the first half of lactation in rats nursing two pups, plasma con¬ centrations of FSH decreased 24 h after the operation and were then similar to those in control rats (Fig. 3) (Fig. 4) (Taya & Sasamoto, 1977,198 la; Taya & Greenwald, 1982a) but not luteal activity in rats. In addition, the passive immunoneutralization of inhibin by injecting an inhi¬ bin antiserum in the second half of lactation in rats nursing eight pups and the first half of lactation in rats nursing two pups resulted in an immediate increase in concentrations of FSH in the plasma within 6 h after the injection, whereas the injection failed to do so in the first half of lactation in rats nursing eight pups (Fig. 5) . These results provide evidence that inhibin secreted from the ovary probably plays a physiologically significant role in the regulation of FSH secretion during the second half of lactation in rats nursing eight pups and throughout lactation in rats nursing two pups.
The effect of long-term ovariectomy on the secretion of LH and FSH in lactating rats (Fig. 1) indicates that the relative contribution of the inhibitory effect of the suckling stimulus on gonadotrophin secretion is not the same for LH and FSH, confirming previous reports (Ford & Melampy, 1973; Smith & Neill, 1977; Taya & Sasamoto, 19816 (Kawakami & Higuchi, 1979; Culler & Negro-Vilar, 1986; 
